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® Scanning recording type printing method and apparatus for realizing the same. 
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@ A scanning recording type printing method, by 
which a pixel recroding pulse signal (S) is produced 
by comparing a comparison data signal (DB), which 
is formed by repeating an up counting operation and 
a down counting operation for every pixel, which is 
the smallest unit region of an image, with a depth 
data signal (DA) for one scanning line and the loca- 
tion of each of net points of at least one color printed 
within a pixel is controlled by the pixel recording 
pulse signal (S) so that worsening of the image 
quality in a high precision fine image printing can be 
reduced. 
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^SCANNING RECORDING TYPE PRINTING MEl^(fe -AiN^^^ FOS REALISING TOE^AME 



,e BACKGROUND -OFITHE INVENTION 

: : : \:er;Jhis^inventionirelates to; a 'monochrome w 
ooiLcto^ or -printing .method and an acpparatus for realizing 
the same and in particular to-a-se^Ring-recording 
a . ;:type printing metliod and 'an apparatus for realizing 
-itc -the -same t permitting r to reduce Worsening of the 
■r.', . image quality:iln a high preasibhsfih^ imaige record- 

v : ;!As:a;method for varying vjthe-reboi'ding area of 
- : :i>eaeh':pixek in>vorder. to-^x^^ of 
the image in a scanning recordings Qrpe printing 
^ :^trn- ;apparatus,^ theie l is by which 

rccr. n images recording puls^iSignald- are^ modulated in 
' > r'puls^" width iby means^ of' data'- representing the 
, :r: .deptfc Apparatuses^ describe in 'Japanese Pisitent 
^^rfr'i, ^AppIicatk>n>:^tmPdksMn^^'~^jpiO^^ 82- 
57B79 and 82-99866 arolte^fetsirtor^^e^^ 

In such a printing reoorcfing apparatus it is 
necessary 'to^ireduce'eSrt^^^ in*^^' ainfd increase 
the pixel density m ordw- to be able^to recofd* an 
5 Si ^ ; *c irnage?wrth>iSL*Jhlgh ^pa^TO a' ^igh fineness. 

: iv br-E Theiscanntng^fdirecfiioh sa^^-i&xB df e^i pixel in 
:: J the r scanning s re^t&xrmi^^^m by the 

ert:scannihg-speed"ana^'^^^^ jsNsd^ictiori period of the 
erij nnilimag^ rledo^ihlgO^JsaCai^^^C^^ in^or- 
bmnra dercpto nmakee? e^o ^hS^qsrittfilliHr. ^tHS^^ 

period of the image recording-'j^i&p^^^Tri^ must be 
•fo : ,;r^ortened and thef^rafeOif 1fiefc^?itennli&ion must be 
Hairlv/ >ihcreasBd:cHoWert/efp df'iRe^lntemiis- 
i : ir>i5-^oni oP the^^ in^age^^V^fco^^ is^ln- 
-cf^ 3c Jio-e^sedc '13ie^4rn^ei^^^^ to be 

rJioeo ^loweredi^ornoooio !l*b^w i^v'M) s ^^ivsri isn 

fc ooo cThfevfe^brS wilP tSe^-e^lanled^^ 
tirl) \d anr:eiectrt)^r^Hic^la^f'-be&ifn^'f^ exam- 



Dot 



vv:..ricc eyclrc^4-^ birbih^ fcfbck signals 

^-^CltKf "dbming from a'fclobk' generaibr^^ 
controPby a recording-^c^ning^ s^^^^ from 
the ■timiifig'^ti'e .^'^pij'lt '4:'^i6 'clock signals 

-- Ciaci are butputted'%r V 1^ of 'time during 
which one pixef ' domain is seined 'recording, 
'-"Tfie counter 3 bdu i^* f"^ "P" (^•ife) to "15" - 
- (black) ahd gives ' tiife^cdntfeni o^^ as com- 

parisOT date DB lb the cbniparator 5. At the same 
time it ' gives a'^cariy* signal as pixel clock signal 
PCq<3' t6 *e tiniiirtjg frea^ timing 
treatmerit ciirduft 4* g^e*&W ffie pixePcft^^k signals 
|*CL!Kf airidf P ckxk 
sigrtai ^PCLFa an^ ei*^^- same tim^^^ a detec- 
tion signifiJLIN^ detec- 
tor 8 a^ ¥ecofdil^~^an 
^gn^al for y^' ^ 

^'^^'^fhe cc)HtjF>atf^6f^ S'ot depth 
data DA witti^the com|>anspn d^ gen- 
- ^20 ^ pgj^^ ^£ 2^^Ue puc^r. rem pulse sional S. 
■^■'^ ^'■'■^^''&fr&^^hg^ =' - "'^ 

/i^bki^'DB^ 



IS 



->or,oici onilrriRgi^2i^at:fhSihbry^Jev^^ data 
rjr..: of feacftrof ithe pi>cels in imag#%i§riais^ coming from 
r^ iy tni-an^^if^age -jfead-^dut^d (not 
e-c, etishown-^tn^the' 'figu^^ S:anning line. The 

L'e^i z depth:^ata are «6nt to^^ la4ch-2 ni the^'foiM of pikef 
-s ^ Bri* depths data^' DA-f or ^ery ^ on the 

ii i! i imposition" Wrecxirdii^^ clock 
; b t^^ agnail PCliKI givOT^by a tihriing treaM 
'51 rr-i which v«ll" t>e^ des^ the 
TTY-: rncpixerdepth is'i^epr^ehted^by 16' 
: c (v^mfte) to^-IS?" <black).te-^^ 
?' 3 ex4 bit data. In a pixef"r6KX)rdihg' pulse' 'sig^ genera- 
i ; - t:tlon circuit 9 Iftie Mch 2^hdld$ (latched) tfie pixel 
^ i -depth data: DA by a pixel dock slghai^ givKi 
by the timing treatriient- drajit' 4^ its holdfiig 
period of time is equal to a period of time during 
which one pixel domain is scanned for recording! 
These pixel depth data DA held by the latch 2 are 
given to a comparator 5. A counter 3 which is a 



3mnr»iii?!'r! y--oi{^ .norty^ no o.-::>oio TirB OTar 

V ^ ^ sertucoriductC3irJto^ 6. A 

"1- , " l^t^Mft ou^pu^ laser 
arcMrt p^^ a^regipn pf^OT apgfe so as 

^ iip- - 'S"fei^'^!^y*"*Jilu^^ "e!€*!&^orM)W photo- 

~ sensStiye dilirh 7. In tPiiis way electro-static latent 



^fQ? i®^ fo'TTJi^. ™ to a re- 

/ t^y;! T*^n-?^^^^^ ^% :^^^P®^ With 

tcffib^^^ Jtfter to be a 
record. 



35 



* * preffi^to'hg rfiQde of fl^^^ 

' V ^ ^ .P^%i;^ a laser 

^ * (Apnlii^es jh^^^ and 
4tf " thfe ^ei idej^ clafe DA. the al:isc|ssa.. t in (B) 
„ represents the^jtir^ie, Jn which X d'^no^ the period 
, L ' of ti,™ nTCe^saiy, fq^ scam repord.one pixel. 
* ' ; 9f?%!'na^^^ repreieni^^digS^ yaiMes conre- 
s^ "0",Jndicates 
J5 '•'wh^^^ pixel 

" j , The; aB^ (C> rep'fes^^ of the 

ire<xr^ing^sc^ beaim „and hatched 

r^gioiriig shbvir, the recorded llar^ tor each of the 

SO ptxeis,. .,,^1,, 
. ^ In sikrh a since the laser 

' ^.arri bu^utted b^^ laser circuit 

6 he^ S cer&n^ spread in.jthe seining, direction, 
when" this laser beam is interrupted by the pixel 
recording pulse signal S in the course of the scan- 
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ning. the light quantity at both the border portions 
, ot ftf jecorded^c^p^Jfj sj^nr^g^^joi^^^ 
" *^on' the^pixef reSbrding surface is inconveniently in 
an intermediate region between white and black 
^ .^BT)di thps the,,d^pg..of tha^ecord^ at^j^jese portions s 
^ '1, ^ factor lowerj|g£j-the image 

^fluj^ity? ThipJ^^i;^^^ Jh^^act Jhgt the laser 

J. ^'Be^ bas a ^0jiain^spread-;..Co^5e^^ when, in- 

X - JffS^^K ^r^^^'^^ fii^Br image^jyifti a hig^tvjprecision, >^ 

Jeni^^^ti^^^ th^^ te^gr .beaip^^ inpr^ased, the^rt v 
^proportiph o^^^cfij u5;stabl© regions in^ejpes, what. 
gives rige'to idwerinq tl^e ipag^ualjty j/^q 
* . \ ,Such"^phen^mer^S| gre np^^^^ ^ ru-r. 

begrri^piipter, f^<^(^§a/m comm^m photo- , 

/ -eA^^^^ b'venuti|^^^ct^in^ t>3h;Ev(eniby ^ ^gital fprirrter/-^t^^ 

" stylus r .,^.*:i,i)^jf$rentscaloi^t.d©wi£^ rnoref' joc- less -from each 

^ c:v-^.^-* ^. _ ^^fpSi^apd^;Scannlng j Dr7r^th^rd6)eca«» eafipaRSion- or contractti6nrof paper, 



eleptro-static 
. ^^^.^ r^ re<pr<Jjpa J apparai 

''icSamirig jllumm printers 
.-xix''^il'^ia?£.^ ^fr'*^* emitting 



1) Although the dots formed by printing are, in 
vgeaec^sj^ideaMy^pririted at^ft^ iceofraJ portion, but 
they are not precisely printed at the peripheral 
portion because of scattering of inks or unevenness 
of printings BtoccffdiffgT to C^e vboficentric solution 
model, since the net points other than the dot of 
the iRkicwhichjisiHat ther top; i©>#jibit "their color by 
tbeife p&ttRheraJ^iportion> it is difficult to reproduce 
r.thipiprQQiseecolor: lc ijc --u: •s^t.z^ 
• eSK^flftj^fi thedJCRds effected according to the 
;tCQnQeraj^Q,'^lution . rngdel. -since vantjleck net point - 
; 6^03t) ^yifBndndiani^nk blockiiis at>the topr/other inks 
printed under the black net point come to nothing 
^^sprt-v^ ^cWoo,%'the wtLjpoiirt apt to be 

i - tr^i^§»i;^d;:imp9rfecdyMbecai0se}iof:th&^'^ 



^such as 



2cq ^^tiSui^^ ii^m^rv^c: sohs^on -.rao6^ ts^poor at this 
3^.ipo^9n^iy^C0pnfi$^dL>the^riskrtt^ fringes 

oM^^^i^^^ by.off. e3^o%on ^Wl^>ft0^iT*|E I^ 

^s^rprintfng. rtls difficult to posijtig^^ (i^. ,^^.o:r^ eids; ^ ^ rvr vj.tr ^.v ^.:.*.c ti^. 

dots) to be printed with a higli preddon. For exam^ e^-jnsn'n npiTfhe 9fe|pc^:>«fc.Ms HeverBdonivtsete^ a 
pie, in tine case of a /guft*-^!?^^ Sjlr^^ with 4 ^J; jS^rwpg je€^^^ an 
blocks of cyan, yellow" magenta Indian ink, .^^f agp^^cgt^^Jore^Kifigd^ to re- 

when it is tried to supeggx*^ corr^s(:^r|i«^pg 6(p of bg^SS yr5i99!y«9; <?*-tthS^vyTiag©qQi«aHt^ high 

different blocks on eadh otherrsftght misalignment ^^^33; .^iR(i6^iftdlPe^^ caw^ling the 

ofeafelejuationoiccrfbr printed 

tk^^imVofk. ir^Br scanning re- 
-sirmeJnFQF^'TO ^^^firMUtiioeqc^ingoapp^ which 

How- 3^ ecf^§b^§P^oggn^.fQj9i:j^ sig- 
dif- nal having a time width proportiona^tOAthle depth 

j^rf>v^n^jto effect ^.^j.^ v^Sfe^^jRJdt'l^^P^l^and pc^bictionTof recording 




theo?feti^*toiSP^rTec^^^ 
To the cor 



Jo the contrary, ,jn a digital, printer such as a 
l^gFMr^"pT?hm^iic.,%ihS ft^V possible to 
^^^^^ — *isely dots, even when ^ — ' • 



is tried 
blocks 



to sd^H?A^V^io dots ot di 



Denshi- 




dbfe ^^^primi^;f^^^^ ^njter ,^^that tfieir 

SeWfeVS ^re^l^ljflei^^ 

Wia'^repbrtyfl 'S^aP:iDd%'*^ ^lor^'lie^noval - 

(tICR) fe'^fio^l^by ^iis' cn^^ l^g^ 3(B). If 



thi^ cdhcintflc 

ideally, 
various 



btuUdri model cbuldj,^ realized 
^and other 
effica- 
rru^del has 
SjnsidQiBtion. 



a perfect UCR (100% UCR) anci 
s dolDi* tjori'eaSOh 'theorLes .wou|d^ Jse 
cious. Hb^eS^^/Sii^'^M ,itic 
not takert*the"fbl|dwihg points inl^ o^ 



-rnuxe rS^fi9^?!«i^nfro4l§du^,ia9. tttjj^ itrt by this 

40 image recording pulse signal, worseninig? of the 
mi± r1iq^5^.flysliti^-i8;,¥e<^M^ propor- 
-nc^ 3.;|ion^crfi.tt^e:jai^tQf w§W>l§ iseegionto^at' is, this 

^^ir^vj^ton Js ^ar^§nze^MJ^ 
srf: .^^r^p2tf;rarjc;^5rf thj^or^^prdin^iputee. stgnaK^oftihe pre- 
^^^f© ceding ,;re9C5Cttn§.:sk<e ^pfec^biB -r^ipair^tOEf pixels 
gcy^cerrtalP an .grbitr^aly select^ spixebin.* the re- 
j^rdipg sc^pingjdireoQon ^P' acf^rdance^qv^ me 
. ....Ttrjeafoend |rte fistev^trpjcjel and::the.^pnt end of 

nnc-S^J^^g^i^Jd? :P^t^ r^:s5PT^ten€0 jiy*4fc'the<ftpnt end 

0\= A a 9^L:l^®:1^!?^^?fcP^®^?iftJJ^^ the 

L;3r,9:Ttcor!*ngt! ef^^ F^lro ^ pixels is 

£xiq c*"^t°f$i?KSa^ SfM* ft'X. '?^'S!^§ '#i® ^iqn. 'inhere the 
V y\i> Sif?R?f^fi9r^!eRfl?)!is^u^ ?rnaiiteri worsening of 

, - the ir^e^qua^ ^i- r.nr vrrt v'- 
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-n.:oj !BrrK,,atOn-the other hand, the "pixet" is the smallest 
rnoi: D^\. unit of s^jDatfal Tesdlving power, -when'^*^^^ original 
T Oanalogue Mroage is^ iquamized '(digrtalized) and in 
, t general it isVdefin^^sonas td " be 'suffi^^ smalL 
:>-?;Tj ; . In 3; digital .pnnter,i.,bowevBr many net points are 
::ic.**c :;fornied in thisipixeltiand whenever the net points are 
2;.- ra . written , in: ,this^pixei,r.no differs therebetween 
v:^; c: bcannot be recognized by human eye. In other 
' 7^ n^^words, within ra pixel, wherevier the net points are 
A an: i.moved, the^moverntent ftsefF^dofesnH lower the re- 
\r soMngvrpower.CFor^^carhfrfe;cinstfie cases where a 
<:rri pixel sis r large,: cthenBayer^ imethbd:^^ by 
31: 4^ J which f one/ pixel is reprefserited* by^ ItiajHy^srnall net 
t - ' . jpoints ;(dots>;:.or a het?poirit i^ forriied at a position 
:c . deviated from^ the? center .©f ih# pixel*f|ri^ onder to 
/ !£' - fhaveqaiscreen togii^nAfeo'^cMraing le-^^^ inven- 
t: V ^ ton:*attehti6rf5fe paid^tdithis 'jp&'nf and-fi¥^fu» color 
-printing by multh*lockJ?$rirffins^^t^^ points - 
k :,hr idols) of eaGh:df fte (Solors fdnnn^%faiilf one pixel 
!, ',0^ rare: not cbncehtf^^f to -6he» ffernt?^^^ is^^he 
iB^* center of the cpixeli^cbn^Bnly^t^ con- 
:^ol --qjceheic ^^lutidh tiibcfeli^-but Ihi^r lan^^c^ffltably ar- 
r; r rctt^ranged within <the" pfacel'^jr^every^^for*.^ way 
a £3^j;;TSupen30Sitioa;of ;4he:^nSBti^^^ colors 
Jearih ^canabe jcontroiled^arfd ias^ r^lt'b'high quSiity 
.r:Oi/>' £;fijrtl coloi^prirttfng^i&n^be'^effe&i^^ 
. :)oi:> ta^q That is.hthi^ invanftioiil^is'^^iaurafe^^ in that, 
sff: ^^:*rijwRern3rt.^ihterffl^£^ecrift5h1(^^ ^fe'^^^innted by 
i J *,r;D ieffectirig\*area*mbdui^Gh* xJeSpe^^ plurality 
^ ::Ot cbkJ^edt1nte^witfi^ W^imb^ Wf^ai-fe^^^sm^fest 
cr L>eJi-unrt tegiori^of^^plafelly-E^f^ an 
^^rr.rrn3area4rnodai^dn''IS^^ig^^ a first 

orl^ tc rOTlQred!ink'-ofnaf>le^-bRie^ 

within the pertinent pixel and another ari^VnoduIa- 
D-.oho3 tiDnlisceffect^ % *sififei§ingpa s^rejf colored'ink 
:.MU ofiat^leas^'dft^coR/*^ wlildi^ dj«^ first 
V, 3i I' c6lo^^^in6ci^^.taOggc^)nd'^p^ per- 
?bc!o '^ent:piX<&l,rwhicrtas^dfffeifBnt*fir^ 
u-i? or olitn* arpre^eh-^J^^bbdiif^^ to this 

k/^rtl^ inventioii^f^ttje first ib6lbre«i^h^ is 
lan^g^tffom:Johe? ^nd^Sw^ tOi^utis the 

^ ^■ ^center-ofs^te Cfbix^l^^m^ fiiVsedbnd^^cblored ink 
7 1 ^ ment^oned:'^Habcw/e"^^^^'a^rah another end 

: J \: rWtthin*0 pixel towards^fiie'cgrter bfihe pixel. 

:irc,rrTDO alh artdther^Cpreferired §nribod 
? ^his!aftS^6^tbbn,^:th€M«o^ 4?(d'*arSi^the'^'an6ther end 
*dr' :st^tecl above: ar4 'one' e^ in the 

u bf iS ftiain Scanning ^directfbn withm' t^^ • ' 

c: rjt '/fr: c^JmstHl another pfefeired 'em 

: to &is^ rnVenb'oihg- the first; & abo^ 
; is^cdnstitufed* by a teOlti^ayer stru€^^ 
: £ .rbf.yelloW infe'^rhagerite^inki'^d ^cy^^^^ the 
t: ?: 1 second coforea -ink sfcatid klxive y -constitLited by 
.'i:;::^;-biaGkirik.'£^'-^^^ v/crf^-: 3-' V onr 
\! v' -; '^ - "Hri:stiir'ahother p 'ernb63iment accorcfi^g 

=.:f.:to this^iffvehtion. ih^ah'^arbitranly 'selekrt^-p^^^^ the 
' : -ii first GGldrad ink^mentioned'=^iatkjve-isHa^ from 
T:> r;. :one end' within fh& pixeli towaurds ther ce^^^^ of the 



piXfel and me second colored ink mpntipned above 
is arranged from another end within "the pixel to- 
... : ;fJ?F?!?,the center the pixel,. and further in pixels 
/' . .^ ' -.^ ^ t^^e.arbl^ 

V^Vl^?^ ^!<=^.:inkjs^^ from the 

""^ &om^V 4rtd withi^^^ center of 

K.^ v?^?- '^!^®! o^^^^^^ seodricj CQlored ink is arranged 
' ' frdrrt thVdttnie end with ttie. pixel tow^rds^the center 

- r,: BRIEF D^tRIPTlON OF lUi dKAwiNGS 

* Y - '^^t '*??s.^ V >4pf€^?ant a titling <^Tart for 

' ^ ' " ^Wl^^'^ig M (A) indicating pixel 

; ^L?-^ (C) the 
. ^ r . ^f!*?ng mdde^ f 

puj^^fignpi"^ pattei:n accord- 

v/ V .'"^^ HP"°r.^^ -TCQ^.the working 

/ V " i '^^-,^1?^^^^ qf-^^ pulse 
" ' " s^'^^^.^and |9??^n^fclingVp^ by^ihe meth- 

wacco^ . v > a ^; 

r: ..^j; g9%2 ^'4?^ corn 

t ; ™ iF^"C^^^ fliiS 4(iy^£itipnc^in/x^^ and 
,^ . .5 t^)^^ i|J! arejcoi^es^^ for 

" , . ,^,i?f^/P^ ijeali^jng this inven- 

:^ J. .^^ IvW r(P):;a^iS^ the 
"piiise signal arid the by 

- J*;*? #?P<^»np^^,af4his4nven^ in Fig. 3 



" " ^o'^nlns .|f^^ to 

^ > u-;^" ttie working 

7:.yZ *^^^ nr§??-* ^^ncif ?.r^^?^ case 
r '" ::!^f5^>^^^ 'X?<^htrolled^^n^ only in 

; ^ dii^ctipn butalsp in the^auxiliary 

'^sc^^ ipdicatirijgJthe position'^of dots. 

J: r . V PP'^t?'' the dot pattern 

r ~ i J rifpojcied iby ^pifrrt'i%^^^ respectiveiy;,.. 

iiv. - ;v^^^',?^ ^? blc>crfc^di^ra5i indic^^ con- 

1 ^^*n4Ctj,o^^ a^ciVcuit, W^idk 

^ ' of thfe inv^tioo; -V , ^ > . 

: J^?\^.?~'^c^ '^'^^i ^'^"^ f^fdicatmg the con- 
,. ;Stn^^ >yh<ch is.stiH another 

meht of this invention; and ^ v . 

ss Rg. 14 is a scheme for explaining the principle 

of the circuit indicated in Rg. 13. 
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DESCRIPTION OF THE 



PRJEI^EpJifip. EMBODI- 



T l^*9s.^i:;§^^ chart 
\ p'^ [^ '\tiB§it^^^ of tfif!^*^roduct^n of 

I n> , ,i ' ?^fx^ recording'' pulse signal aSsi'^e pixel re- 
^ cording acconaing fc^ , 

^; ::> ^{;^i^ ^ .-^^ shoiAfs #>0^ v^orking^n^^^^ 

'^^'of^thi^ pixel' l-ec^rding pulse sippa) u^i^^^ com-^^: 
parison between pixel depth data l)A arid corapari-.j^ 
son data Q.B in which the ma^itucte^jPfrthe coni-^f.; 
parison '^data^^B varies so thaf it iricre^es in the ! 
odd gixel number ^reigipn^ OT^ d^eases in the 
even 'pixel nfi^^ position 
production of thb p^ix^T^ricordi^^^^ signal S 

^ . ^^^ndrated" by cbmpkrlhg the *pixel"^epW data DA 
• -"^ 'with ihe ^connpanson' data js so ^dj^tenrnjned that in 
"f-"^^' -^g^e od3 pjxei'^u^^ of the 

r.r;iAv:v pixel *Tec6?din^i'''p^^ with 
t^c-jq c r ffi^ frdnt-^nd of the jfer^ftenf '^xeTan3lri 




^ rtiaih^ seeing direction 
No. 3J |una^p. 4 and 



j' -j 'JP^f^^^, §i,cotinter l^.js a hexadecinnal coun- 
. ter» ^which^;C.puots^,ctoclt-sign€ys:eLK1 inputted from 
a clockiaeneratQfeiP to; itsrdock terminafeCLK. The 
recording.cS(^ncMng: signal eLINEI outputted by the 
timing .toieatment^dr€uifc4 is: at Ihe: high level during 
. the recording scanning; :Thei countef '13 stated 
^, above vecyntaittie- clock, signals- CLK1 when this 
recording-scanning signal™* LINEI inputted to the 
:Cleai; terminal CUR is at the high .leve*^«'and it is 
cl©ared,^?07f, whence signal LINEI is. ^t the low 
7 lev^l. Ther/output ;Signal ^o- of tho. counter 13 is 
.t/ x^ywtte^-ascitrisi^o an finput. Jefinitial AiOf a data 
yfc - TicJS^I^Jtpr 34>and ?the irever5ed: value nofnthe output 
siQhpJt ;Qi3/.is, inputtejd^rto ano#ierJnput terminal B 
1h'>o ^R^repff That is,iwheo> the output stgnal^:Qa of the 
;Coyntpr|tt3,rxQ" fe inputted toiheJnpot terminal A 
£WSd|^745t; Htht: in^ data selector 

1^ pi^utSr the^ipputjgigTOl^ of the 

input ^eipgnin^s A iSQdi B stat^ ^aboye^ depending 
^pn .thensigfiai l@veh iiapiiatedBto^jts selection control 
.Tc^rftis seieetitoofco^^ Sel 
outgutissigEial .0,sr of cam^B&^^ip-flop - 

e vrroo r QHlP!^ ^th^isigoal dnpwjfted:jto;d^ D 



i2k\ 



No. 



^ ind Nci?3; ^Hi^ d'^'m^ i'F^ ^ - 



vTTi^jp rSSfftils tfQW! ftSjO^ytiteinTiif^ rasrther^Sjtput sign 

... ...v.. ^,r.^^.n^:^^:^r'^'^^^:L^ ^t^' ifiT^. :r^- ' {0« (comj3ai?sonadaJaiE»lb;a^^^^^ 

,3£ni t: ^^Jf^^ron^f^.i^^oa^ level,cPfi.the^ pixel clock 
pixels recorded bn^ttiSb^Vo^ W^ ^^^^^i^njal aiy^ite|GNsjei3^l^.te 

« yjiir.uiiq#ra signj?Jci@^u^iJ(;t^h^ Car of 

K:^ferTTE%li<?S'i^«Fv3iai;^|Qd ,abQv^35rfeTOrsed:.tocbecome 
as ^sL^*^ePS?>t^§9Ks#9nfliiR6t^cwhic* to 

noitlzoCi^Mt ariF^3i§c^ctojJfte:eBatjJe;iter^ of the 

>{a?^s^o:co ^{^d eogjEftfu^*;^! v«f b^ecfecuitr.described 

§ j&jjen pixel , ^,^utp}^^pd^^Sm^,;g^ 4 Is at 



are^(g)ntini|j>us, 

respectively, and thus there are jio border persons 



"^'ih-^'^^ica^^ pixels be- 

:5nt:;o.?v:|ohging^ta'each'^^ fhSre^re tite^nstable 

(F) felfovfe^iby^e^SShiifie?^^ of 

■ " ' '"^.^ ^^i:-!*.-. --.^U... 



'tl.e'^com'Jiansc^ 
' number "regioriis ^dhU 



pB^^S^es^mJ^^ pixel 
* Thd?eS^§'^f8^ffii even pixel 



ov 



: ' -2?andW3- ancflsloPW a^gbrfiinuBi^^ 
Now th^-pBSl^^^dft^^ 



' tiori circii!t3isedPfdFWch ^^pKll^yebbfding will be 
explained.'The^1e>rpau6^oW m ^pi^P'iBCording 
pulsiB sigriSf b5^;fte 6ompaii^6n"^^ pixel 
deptfi'-data^ ^"'tlfe^Vci^&^son^d^^^ DB, as 
''previous^lndibmefiFlI^^ i^f rpuiiie' dieted by 



number regipns. In tte recording of this ,,.-;^j,.c^4hf ,ihigh -l^elj^^^^ clock 

case-^ iWfffcsSf|d « i and No. ^ ^ggoateiCl-K^ giyeai^ 10 and 

3i^yDd§^9®^^^JS®A^bf^d^dt^ signal 



ab-,i3i«j ^^^e^ft^t.vjahie^pi thj^_.c0W^ signal 
■4r,i jxn9^?cf^P'3?§e"t^"* a t^nfyxSijgnafcTis'TprQduGaBd at the 
4.^5^ t?af7|?ina(t par^xWfe 14 is 

i^?gt ^,4he JrwtiatstaS%se^^ ttiec:?ignaf.at the input 
rr^-^tr^^OTi^^ is^^selegted^Oybecou^tted. the ODmpari- 
2^,^ ..'^sop^4t^,^ af^th^iputpoJ sgnalaQfe of the 

Z^, ;V. t'3S^€^!5^ '91^^^% :?^^:^^^ 50^10 "15". 

Whe%^^v^u^-ofvt»5^eMGpMn^ nwfi and a 

prj bxr;S^'^?f9Fl?t'^§''tj?^^^ tsateniis given to 

!^ the pixel 

I J.;:;.^^^ck4 J'9I??l J?PkK3t afKl jthedatph^tSc^statedi above 
v^^,jatd;iesj'?5?.^injpe top. jjix^ clppk si^nat PCLXS is 

vJ te;9iYS«;ii*?9i^'%^ Fg^^.^/5thp fl^-lgjsbinvarted and 
the signal level of its output signal .Qhi is^iChanged. 

p.^^: c Sfeap9© rQf tfievSigcmloteveljiOfUthe output 

(:x!?j9P^d?^'V**^8r^to s^^^ Ifi'S^teots^ signal at 
' : ^PJPP^^^^oi^ B^^_;putput^;^ Slgr^iiatiitSi output 
'-.-^ ^f^^^^^ry^i^P^^^^^y^j Vl^e MfUuec at the? output 



'^^ '^ameliorating the circuit geheT9hhjg!ithe comparison 
data DB indicated <n ng/;§/;'^^^ this 
circuit gehWrdtihg'ifie cbnliSaHsii^ 3a^^ will be 
'^xplaine&' ana-expiani&B tii^ btrter drcuits will 
■ ^rrv be dmiftedi^^iiecauSe^ they ^ those 
used in prior art apparatuseS; Furth%f.each of out- 
"^'put'tennirtals ofeitch of the^cfipgits S^^^ the signal 
■ produced there* are cfenoted ' wi&i ^ reference 



numeral. 
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terrriinal Y df'tfie data ^fediir 14 varies from "15" 
to ^''.^but^kinoe' the f^ch 15 latches' "15", the 
^cdrfipisisbh data'- 08 ^remaiW to bfe" "15". The 
^ '-ab6<^e*f9^ the[^'sigha fre^ of pixel 

^ nufnfaeii^ 1i \A/heri -thef 'sdbc^cfiri^^ clock signal CLK1 
^ isf mj3uttea, 'the^n^t ofCtfiS rounter 13 becomes 
r£i"Q"..iG5nseque^ntfy the Value at the output terminal 
V- oifthe data sefecSor' 14 becomes "15" and the 
C • signal^^freatrhent prbibeiads' tb %^ tre^atmeht for the 
^ pij^el Df-pixfei tiuniber S At^^^ 
signal Gar ofWe t»6htef Il3%^pe4^^ there- 
fore the Iatdi-l5-outi>uts''^^^ input 
'^terifnin'kl D^afe it is; Afteir'^fca: thib irourftsr 13 counts 
the clock signals- ClKl afid its ob increases. 
Hbweverr since the'- data ^"selrctorS 
vaiufe at^tfie terfhiriai sr'^'to lEhe"^ "reversed 

signal -iss Inputted;^ fte"^^^ which 
is the <>utpuf signal ^tf«^6f the lafecS- H 
-^dcce&ivelyJ tfiS^Siinter 13 

^iaeiies ""15^ (tsbmpaisdii Sia DB^ 6^^^ a ^ny 
signal Car is outputted and'WiiS tft¥ laSai 15. the 
• -FF I5%ia the'tSate 'sfer^^r feoArolted in the 

*^s&nie Avay^^as stated Sio^r' At iftils data 
-^selecldf t4"is*-&^^ tfi* Sp?^ at the 

input tenninal A is setSctea'^d' at^the 
'^^ output terminSl^-'^^^^^ beniB'qxe ?.a 

miV-tkim flSincrease 
^ ^ the fact 

in at 'fSleriod of 



■■f> 



^aria debreSafee/^aisii 



tfi§t'^SaQf^6t)^iit^^"ari 
^ WHef mHi muAi tiife^fefflr^ '^^t^tt simal 
-^-tilfJEf iS^af tfte Mgh^ii^/^^^ i^noinooonc, 
-;e ttre/fCsaSh a o&mpkf^lSl^^ has 




'^^ '^pdfse"* a^^WMl for'^fMg -ihe'_p^ as 
-irtdi^d ft ^^^?*^^rWr;rie'&^^ mag- 
-'^'-nlfiicfe -6f W cdffifJfiH^^k^'bB'mi^^tali^ 
^ #at of jM^gixSl-^tlV^ jj^:n3 no:i 

' ""^'^^^''' in-^Sadiiidnr^ of the 

12? W the 
'•;^"^taa&''sejecf6 ^4 i^lis*^ *lh at 
•^^tfie jnp'ut teTOink var- 
•^^'i^ '^as indi<^e&'^ iri^^F^^^^ arid ih^^ tfie pixel 
^ ^ r^^rdhg'^puii^^ re- 
^VJ coftSngr^^ indicted lrt~Rg.X(Gi[^ 1^ 
c : t t^Lp FaWienTiore; %ie^ cSmpah ^ate^^rpductfon 
circuit indicated In Rg. 4 is prpyided'f^ with a 
^ ■'cbunter/^^^ ftji'ufii-wbrator^ - 

" (herein^^ fel^FcSdc indi- 

jMted' by ^a 'brc^^ l>(i^ble^^ the 

' screen 'angle. V^?n V i^^ 
" fte^'timing treatm^ level 
^ sighai^- and Whbn' *tfe6''' pp^^ 
; printing' s^^^ is jpfrckJaSe^ pie \Siunter 1 1 

; js a'''^-bit ;binar^ count- 
^ ing v^ldis reaches ''"3"; tfie^c^^ s!gnkl* Car be- 



^^1^ .^^^?^^^^^^ sfe loaded, 

I I rv ^^^^'^ the pnntin^^ the 
' IS Iqyy.'the FF 12 

isjpreset A^^^ sinicj3 the date selector 14 

. / .f, !^ , -^!®S^^3^^ at the input A, the 

/ . d^ DS!is "0". To 

" 1 ^t^?* P^n^^^s^VsW^^ is high, the 

7 . ^ it^e sinoBj the data 

.^feictor 14 selects and' ou^ii^. tfie signal at the 
' "10 input b; the initial v^ue of ihe comparison data DB 

4: 4 V - ^^'l^ *® ^f^^i^iO^ <^r^P^^ line is 

^ *r ' tefmiri^ted, the";pBc^mg^^:an^ UNEl 

; ' ■ low, J|e ^Qite In the 

'IB t:ase,yrtiere,th^^^^ >f5ilue.of^^ 11 

. \ ^l.^^yafte^'^a^^^ 

' \ . . T^^.^naa, <^ scan- 
ning signal Urife^^^^^ 

... ^ , ^yf t!? tr^?®Ci^-^ ft^?t %shdrt pulse signal 

'^^a)^ " is^^i^^ ,fus pulse 

' f,^^ of the 

J^^, 1" f^; t2i wliich j^^^^ cleared.- In-ihe case 

^^^r^^ ,^wh^e„;t^ fte,<xruntei;:,11 varies 

e-i) Z^m,^^ "^^i^^^!^^ to 

.?W^^*9^ri^?!?f ' H?"? *^ #1^^ P"l^!i ?OTa! ;Q« 9©"- 

r ei^bkl3?y.^fi€> ,M^ gVef^^to^^^ tenminal 

f!j^,cs;^^^^^ Further, 

j^iajfl^lc^.w^ counter 

v -li ttte foltowingjxiur*^ of the 

-b rr ' ^ i'' ^FW^ qoin^quemty. 

bas'^^n .^M^^^ 12 is 

™S 

:.-^9df!^5^?^?'l^vl^^^^ 'fISife.W is 

lii^.- S.- ^r^^lf^^A?^^ Pnf?Sn9 ;Sign§I,^^^^ 

3^ ^ r nirnr>.o^^v 5,-(^)^^P)^^ charjs Showing the 

1-^ .P^^^^PlSf.P*^ pulse 
-« pixel 

::f. rr^J^gP^f*^ a case 

.1. '■ ' 5*^*SD are f3", (H) show- 

.r,... . ing.me operaiSori of prcxjuctiQn..^^^^^ record- 
V :n^u: !^i Wisp^;§^^^^ HUistetipg^a pixel recording 

r ^^^.jp patterF?.by„^ m of the.^.pixei.rerordingrputo sig- 
.ral5..wri<i^^ is pl^'ned/as jthe^j^^ the operation 
: curf*^^?^^ f^.iQ^r^J^e atoassa, qo to the 

-f i . ^'^^r^.^S 5^^%"^^ .^represents 
the time in (H) and the spanning pos^CMXjin (I), but 
}s indicted, h^re bj^.tt^e.^pixei number; The or- 
J;"/." ^r^^ to^thejdinkrtion, -along which 

^the-^ecortfirig,. medium,^ repre- 
,^ sente ^e^time in {H);arjd the transfer amqurit in (I), 
M but h is indicated jiere.by^e ^scanning fine num- 
j ^ ber/ Further,, for th^ ordinate, the counting value of 
-\ t|ie,counter .11 is wnttW: together therewith. (J) and 
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data SD 
screen 
the case 



'where the 
^ 1^ jl^Q case "Where, tl 
arfe "3"/smce^tne''cbun1tinj 



reeri^^te, data SD 
yaiue^rfw^S^unter 11 



as indicated in Rg, 6 (HV and thus 
Z J V* 5^"^; signal Car of the a>unter 11 is^lways at 
>:ticD^ ^^the high MeySl, the FF 12^^s*^pre^et^^^^ time the 
^ , M^el of thkVgqord^^ sigr^lDNEl .be- 

- cdni^s IdW/lConis^Lientiy the inifiaJ'^vajye of the 
comparison data DB.for eiyery scarinipg line is "15" 
and the skrrie op^ra^dn of production of , the pixel 
recforcfind pulse ' signal as Indicated in Fng.1{F) is 
' repeated. As, ttie f^i^ult the pixel recording p^em 
^ Jor Jl^cri'^ot'fe sc&n^^^^ pixel 
.-IX'. '^^VecbYcfing^puise Signal' thus oTDtainedTis^such that 
^ m^me^ Of » ?ffimB^f and aTknd 3 and 4 
tn^ s^re^iic^GoOg'^^irtd 




linq^hibmber 

. r*3«- -2f^^ wi^^ .^::^lS^clteiSflrt%/5(J): carry 
.oh£v rfej^^e%^^8l ifte^&M^ n^ at the 

c^^^-HBw 'ini^^igii^^ and ih^fore the 

-'^^^ -^Inftiffl^VaRi^^of ihfe ¥f^^^%tWkiW^t^^^ 

'^-^ Min^ Ts^dft^rrfi^^^^ *;ciV"u'"l|^|se^^ in 
^^^•^^^"^ tKe'^ei'^'Sf^t^^ IHi^^ffiiSib^ Conse- 

sacfi^bf Itier ^girtriin^'^'linSI U "d^, when t 



f it ID standing m^Cf^^ ^^J^ ^ i%sult the 



data DB 

me 

the 



Comparing ^the ,pixel.;r«a^^ paCerns indi- 
^idl in egs* 5. (l). . (IQr f(M^ (f?), jjt can be 
: und|>rstopd^that tte ^scregn^rangje of j^eh^rjecording 
patterq v^ries.de{]^ndingon^ ofi^ screen 
an^le data JSJD^lnHa;full cplpr- laser bea^^ printer by 
multiple prtntiog^ w4iea^ of dif- 

ferent Qplors are Iplentical.^Mpire^. fringes- are pro- 
. dyced and -t^e .image , quality :- is Jpyve^ect Conse- 
quently, ip-tiie casa.pf^^sucjT>a co\^r printing, it is 
pppsibie to obtair) a high .quality, icolpr irnage with- 
,,Qut MQi^ ttip ^y^iue, of the 

screenj^gie .<teta SD^,for ,everY. cq\ojA 
, , * » r r 7:JPtJ??6 ^mbodir^^t (jescnibed at^pve, increase 
J_ ,Qr decrease- in^i^^ number^^of^biits in,tl!ie pixel depth 

'^- ^%:'jc4^i^\ «afKj.the screen 

fngle datei'^^Djrmodi^^ irLthejwavefqim of the 
- r ^f^ragauri^ct.;d^ ir^o a form 

. llq- fj?*!^^ OTmp^gsatei 7 cha^ of the 

C lB■t^J^^ .inpdi^catjons .qf-th by 

".,20^ /whi<3i the vaijjw Cff.lh|e screep angle^dc^^SD is set, 

11 oel^m^S ^^'mrB^S^B^^R^^^^^^^^ be.applied 
- i:b «i l^?^l^*y 4°x^%*^r ^P^h *5ut^aJso other 

71' ~, '^S^nilf^^ f5POf<8^ixpe, FjrintUjgtrecgrdliigpdevices 

As explained aisove, sc^rdlng ^ t()<^thi§ inven- 

' :each of 
into an 




^o^ratiohs^iTf^^r^arorf^of't*^^^^^ record- 
^- "'^Irtfg putee^ignaf^in^^ and (F). 

^ -resp^^ll?. ^ atterfiye 




a^tifjse width 



30- im£ 

' "prbporbon^l to 1he.depti>4^r §^.of;t^e|pixels and 
35 that the rear end of th^^€!PorcUng^j)ul&e,^gnal of 



r % r; 



3, 4 and 5 form pairs and their pixeLtS&^rding Is 
't^6nlii%oi^. ^cj'^Me'^conSaryi^ifort^ line 



83 ^Qtmib^JS^&^^^^ffSl^ «»^8fe?« 



• "-^Ifi' We ca&''%h^ tHe'''k*e8n''affl^^'ljata SD 
V:: rg^e »^/fc§^ntin&SCilffff*6f%i©*(»ijihfS'r ll re- 
ffeats^a^sime^aM#i& -*T-f'«2*/''3^^ -2". 

- fc'! smoe ^fte^ifiaQ 'vaftiS '6f iftl*^mfMmorf*tJata'^I)B 
■ •-^'>^?foi»'3^^*'b»'^¥-fegsinnin"^ fejie^ °*0-. "0". 

''■"'-®^'*e 'j)ijfel'%cdf8lng jSattei^ It is in- 

: i ::are'^"OVWe^'t»uniing* yaiue 6f ]^§ co&ftfer 11 is 

- : rapresBnted' by-Vrejsetiabfl/df 

•GbTfeequdritljr, ^nce the 'inltiiarS/afi^e iof the com- 
paiism'^^OB^'fe^Slk "0"; -15". ... in 

tfie 'order d tiieP'ScSnnrinig lirie'iiumiiaf;-fte pTkel 
' recordfrig pafiefrh'^is'such that it is'fhdicat^ in Rg. 
S(P). 



40 front end^of .tjp^rj^jcsardifpjpi^p ^igpfj, ^^Vt>e suc- 
g,, W^,|rc!rrt,5pd,.pf .:^ej^^ pbcel. pro- 

,^<5 "^afeas^jpfjlie Ogstaip^r^ionsj^ ^ov©^^ be 

. . „ ^^.^^ « . ^_ , 




_ Jing en- 

- ^-rTdK-iS??.- recf^Q'PPS jgu^lighng the 

.1 ..V^ J^fV,g:=:|i^l «wficatg^j^"^w^ of a 

SlfEgnt^Jq^-M and 
j;,^ j'.^'Ic^^' fiif^^f^o^^-^pJif^^.Sc^y^i op a white 
>« -,,^^r3fSf«:^,.coji^^trtgaJ ifet, Rpint,^o that 

^'9;,^!|""^^S?^f^ f ^iPW^!^ ^jacent 
'"-.i'VpBl^..^^ for 
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.whicf?^^.10p% , UCFl. to the 

^ concentric sojution modeU As indicate^l^n the fig- 
,. ure^all the parts, wjt^^^^ th^ three colors, yellow., 
, niagerrta ,9nd ;Cyan are^ supespp^sed on each other 
. so as to represent black point;s> pe replaced by net 
. points vfomed . by black i^^ in the is. 

; ,case!,where the^^ .„ 
- ,haye,a sartie size as fourtfei pi>e!:from the left, v 
since they .can be represent^;,onlyT bfy black net 
points (dots), there is no color shear in printing due to 
to superposition of cfifferent colored Inks. and. fur- 
ther the amount of used colored inks is^ relatively 
small. 

Rg. 3(C) illustrates iarve)^mple,'^ln^hieh-^B^ ' - 
UCR is effected according to this invention. In this is 

example, colored dots -such -ad-^lovr.-mi^gefita;" 

cyan. etc. are put to the! leff within *(e pixei ^ 
only black dote are piit1o*the"TQht"WReifi1ar6B':i^^ 
printed in this wayi tire. blade dots^and cotored 
ones are not superposed on each other by cafoyla- 
tion of 100% UCR; Conseqiientiy fiere are 1 ho 
colored inks, which have been used in vain und^r a 
black dots in the concerSric^'sfolution niddel anci jthe 
number of colored inks superposed on each ^tiier 
at a dot is at most i what Jctduces trSnsfer defec- 
tives, c — ■ ^ ' — - 

Furthermore, when colored dots are put to the 
left side cprjfsf^^ pfrthe pixel in 

th^^ ^cor- 
^ »^N>3ftcfing' .to^^^ in the ^ 

_?canning directi^(;.tp\& '(^p^^ilfor the second ^ . V- 
';'pbce(^|a£^ tb .^e*:jR^^P|)c^ is put 

j\o^'|h(§^^ fen pijt to the 

'ti^Ht iWd 'so 'fdriti^ ttiat* is," tiie ^Kositioh of the <coh as 
ored dots and tiiat of the tj^ack dot are replaced 
alternately for every pixel, as indica^ in Rg. 3{D), 
dots in two pixels adjacent to each other can be^ 
put together. 

When they are printed in this way, they^Be- Vl-iwP 
come larger in appearance and thus the central 
portion of the -dots* ieafi" benu«©a 
efficiency. Further, at the ^me time, in^rthts man- 
ner, since printing 

of different color? jn prinjiog, it i$ poss^le to Jre- ^45 
aTize a color reproduction wrtii a high tide&ty having 
no Moiree fringes. „ , . ' H j J : 

Rg. 6 shows top views of the surface of the 
paper sheet for the embodiment ^pf thi^^^inventibn 
indicated in Rg. 3(b). Rg 3(D) is reproducedjat the so 
first line of Rgi B. ^ ; 

The first pixel is divided -from ^ttle left of the 
pixel irtto four parts, i.e. a part printed double with 
cyan ink and yellow ink,- a part printed cnly-with 
cyan ink. a blanc part and a part printed only with ss 
black ink. Since the second ^ixel begins from the 
left by a black part, the black part of the first pixel 
and that of the second pixel are jointed together. 



,30 



\ c Ort'Tflt& whdfe it'sfeSSms *iat black parts and colored 
-CpartS afe^drpanged alternately; When ttfis procedure 
^bujf carraffgerront is ^lian|ed also for ^very line as 
c indicated m the figui^^-th^ whole prinFis' equivalent 

■ WiatHtearartce to a dbi*|)nnting haviiig a screen 

■ anfgte of 45°. The B-tfi and 6-tti lines in Rg. 6 
r^illustrate'd formation of dofe, ^which is ctoser to the 
: :reai Image. ^ ' i= 

: Fig. 7 is a block diagram showing ihe construc- 
tion of a drcuit. for which the embodiment of this 
invention indicated in Rg. 3(D) to a digital printer 
scanned continuously in the horizontal direction as 
in a television .arid. Rg. 8 shows schemes for ex- 
plafhing its wdricihg mode. In Rg. 7 equivalent or 
identical items are represented by the same refer- 
eno§ nurhpfS^^ those used for the drcutts in- 

For e)5plaining Rgs. 7 and 8 more concretely, 
the depth Sof the data DA allocated to each of the 
pixels; of image Is represented by using e.g. a 
3-bit number from "0" to "7". Consequently inter- 
mediate tones |can be indicated by intermediate 
values' among 8. An octal binary counter 13 and a 
pixel address counter of the frame memory 1, in 
• which pixel data DA are stored, are cleared by the 
fine s^^^ signal LINE of a digital printer 

(e.g. laser beam printer, thermal head printer, ink 
^.jet prifitefiiifiquid crystal prirrterir-semiconductor la- 
ser- p^nt^-i: Gght^emitting chode iprinter)H77. At the 
sprae.jSmeth0fflp-flop.!^^^ to 
F^^Ctl? is siet or preset depending: on the phase 
d?ta; G^r :(cf. :Rg.4).iJ:The: counters 13 counts the 
reference clock CLK coming from a clock oscillator 
10 so that its output increases starting from "0". 
When the output of the FF 12 is low, the data 
selector 14 outputs the output of the counter 13 as 
ft IS as the comparison data DB, and when rt is 
high, the data selector 14 outputs the reversed 
value of the output of the counter 13 as tiie com- 
ipari^ifi data DB. Consequently, when the output of 
*f??.f!f.JL?-.'?-l935Ci.*l? comparison data DB increase 
from "b to and when rt is high, the oompari- 
^ri data^DB decreases from "7" to "0". When the 
content- -of tiie~CTunter 13 has reached "7" and 
retumed'agan to "Of, the most significant fcwt MSB 
of the output of the counter 13 falls. Responding 
thereto; fee' merftory 1 outputs the following pixel 
data and at the same time the H= 12 is reversed. 
Since the selector 14 reverses the comparison data 
by the reverse of the H= 12, as the result the 
comparisdh" data DB begin with "0", when the 
pti;ajse daiSaTt) is "low", and go and retum between 
"0" and. "7". Therefore, they are such tfiat they are 
indicated in Rg. 8{A). Further, when the RD are 
"high", tiiey begin with "7" and go and retum 
between ^0" and "7*. Therefore, they are such that 
they indicated in Rgs. 8 (B) and (C). On the ottier 
hand the pixel data DA outputted by the memory 1 
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^T-^-^CiOO r r^fT© '"RfJttsd. the comparators 5.\where it is judged -bh- 
,-.(y ^. ,j^^„ which, are^larger^-rthe inputted .pixel dataoDA or the ? * 
■r.^ v S9["P?"sp/i^ data-;.ps.- There^iarej-twovjudgement 
: iBi:Ai r cPy^y^ 'P§ <^\^3tor S.iQne.ofjitb^iis "high". 
^:^6^z^ It DA < DB^ apd -ftieiiother^ is "higli^^if^DA >: DB. 
; J OnlY;i therJatter ig,.i:]eversed'So a$ tdrhe a signal . 

-vrT^P^^sentiqg .D^,^ DB; andr^to are : 

inputted in a data selector 73. TT^a^most significant , 

. bit (MSBX;Of tiie pixel data f)A is used as a selec- : 



tidnrr signal - in *the -sefectPr which'' outputs a 
sisnal; which Is'^hlgfr" ff'l>A'S DB"fbr the DA from 
"0"-toc*?3"; arid if DA-< OB'fer the DA^from "4- to 
"7". Wh^eh :'tRis- signal Ts vi^ in ^a printer 77, 

5 ^supposing that a" biacif poirtfls'pnnt^^^ if'^the VD is 
high and a-white pdint is'tDrihted. If the VD is low, 
the area ratio S of the blac*' pat* printed -^within one 

r " pixel varies ^as irsdicated in'the**iFdll6wing^ and 
ints^nnhediate tohe^priftting c^ be e^ 
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This circuit needs no memory such as pattern 
generator, etc. and its construction is simple and fit- 
for high speed operation. In addition, since the 
numiDer of modulation?^ of the area -modul^on is 
2". as indicated in Tafafe i; it iVeasy to combine it 
with the multi-value Dither .method or the muftK 
value depth pattem method. ' ' 

, Furthermore^ alttiough -the- posifca-of the dots' 
printed within a pixel has been shifted to the left or 
to the right ;(in the main scanning direction x); the 
same effects can' be obtained, also when they are 
shifted in the up-and-down djrection (in the awq> 
iary difecffqri y) "qf wHen jn 
the left-and^right up-and-dbwri directions ''(in 
the, main scarining direction x^^nid^ the .aus^liary 
scanning^ direction- V)>An-embbdiment 1ri thiis case 
will be explained below, referring tp ngs.,.9.to 1 1, 

This^ invention -can be applied ^fe a tiase WhWe 
a printer is used, which can control, the positioili.of 
dots are^rtKHduli^ iid-printed v^^ri a^jS^ not 
only in the man scanning direction x „but al^„ m 
the awciliaiy Gcannthg ^directiOfV yr Fig. iW a ^ 
schieme for explaining how, dots are ananged. in 
pixels (riot -visible)^ allocated on the- surface 'dr a 
paper sheet. Four types of dot positions^ A, C , 
and! D^. are Jcdriceivable^ on , the- ba^s of as^^mfi* * - 
tions of a printer. In Fig. 9, there are five sorts, of 
pixel idita.' ilel Jixwh) "4^ ^i^ ^-Hfepti^- 

data'aflocatsd'lo the'pix^ "white" " 

and ;54TcTJbtedc'(^lnovfe»r)f j:To ^ dbnti^^^l " '-"3" 
£ r representrhialf tpries betweei!! m& type A. 

u>:;ther dot enlargesii'^tartin^ from the Op^^d right 
*i /(^merdtinvlhe pbcei^Wfth tn the 

: r types rB;^ Gf arid D ^the^^fot -^nikf^es,'^^ !^^ from 
^ithe^MP and left comer; fi^e 'ddmi afid feft'ticHhner md 
x jthe downt andi the 'rig^^ pHntef-^teGeives^>'^e pixel 
data and Infonjtation^'OT^the^typferw^ then 
recordedras^ Indicated in Irig; 9. -lO^ihdicates 
< infcirmatipnigiven to theP prints -for every pixel. In 

\the case where tiie- pik^f 'data*ar«3'the Triilomri^^ 
t thusccecefved are recorded in practideV'S^rVd^ Rg. 11 
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illustrates the recording result. The type infonnation 
indicating the dot position within the pixel is given 
alternately for every pixel, such as A. B, A. B, ..... 
for-tiie * first linej ras indicated in Rg. 10, and al- 
temately for every pixel, such as D. C. D, C, ... for 
•- the^ second line. Further, on and after the thinj line, 
the type information for the first line and that for 
th^* secdrid lihe""are and repeat- 

. jedLy.rAs therpi)^^ information of "0" - 

'^4^ Is aIIoca^.to each pf the pixels and this figure 
: §hows an exaifipie tfierebf. The result obtained by 
. r^rding .on a-4>aper J^ee^ is such that it is in- 
dicated in Rg. 11. where four, dots in four pixels, 
two adjacent pixels in the vertical direction and two 
adjacent pixels in the horitzbntal direction, are 
printed, as rf " they were gathered together at the 
centre so as to be one point 

According to this embodiment the number of 
dots is reduced to 1/4 without lowering the resolv- 
ing power between different pixels. That is, the 
ratio of area qf the unstable region stated above is 
lowered and ihe worsening of the image quality is 
alleviated. 

Rg. 12 is^a block diagram illustrating the con- 
struction of still another apparatus for realizing the 
method according to this invention. The difference 
from the apparatus Indicated in Rg. 7 consists in 
.J?*?*.*^.^ Rg. 12 is con- 

structed by using a look up table memory 79 and a 
^'ift- regisfer^TO'^^ selector 14 

^nd - a ^corlhfyafatdir '5 ' £u;e" used in /the apparatus 
irrdicated iirRg:'^7. merm^ an 
'duliiut 'data DA 

isenf by t!i)b frame' ril^mdry^^l a^ phase 
darta tof^'^^^^t register 
70 trsun^ Witfi^ a^'higftSpi^ parallef- 
• serial 'liaristoriTi|tiio^^^ lip^ VDS, 

ymerFthfe*^^ !^ tbiipws, the 

app^fMxjs ^^ ih tHer cdmpieffefy ^ahieiri'anner as 
the apparatti^ iMd^^ ^ ' * 



SO" 



55 



10 















%204 094 


20 




,r.r rv?" ' .Nb.":; Table a; "'"-^* -^- ' 
r. !^.1DIGITAL "VAliUE (BINARY. Vi^tJEj' OF'^^ 


... , . .. .^^ . . .. _^ 


... - ' . . 


'!.- y, :i : ■■ s' ■c--..-.' St v 


- .• •• . * 


• ' * ... V - j^*-- ^ .1 ; 


. - : PH^E 

pixEis datS-^-^^ "data 

■•- •■• ■'r-- 


•1.- •e «t " f-i--- 


V' ., ■^^"LpW",'.'''.-, ■ 




.'. . ... sx jf .'.iti' r 




: " "cf'.( d'o 00 bp o'i) . 




?r^i-: -D 6 '^: e:?' 2 




piaV xiq'QP 60 p!p ): , 
.i,92„<iiaoo.oa.0r) 






. 7,(9,0 qcjjpt.iii),- 


,224(iiaQo60ioV 

■;• ii:-.='vr.t;i.' ."• ■. .". . 
e"2:4|vtiai-1100;0> ^ 


Cr"" Vf.\^.Jc: ' 




■Z' .8 A '.-■riiL'- I':.:: 

12.7.tpillllllf 


,v2S.2i(11111100)^ > 
!.254x<MliiHQ ^ 
C.253 (iiilliaiO^J S 



r . . in total 

p'"\^ m^n^;i^^ c;.!^S storing 

' , J^^fe ^Pt ;?l^^ 

as 

mdicaiecl b^dW?ir^r^jpi'^^ J. ' / V .1 

Net point pnntihg expresses, in general, colors 
by addition color mixing and subtraction coior mix- 
ing and in general, their ratio cannot be determined 
unequivocally, even when a same color is ex- 



For example, in the case where red having a 
reduced chromaticity is expressed, it can be ob- 
tained not by superposing two colors but by jux- 
aposing them, as indicated in Rg. 14A, where 
magenta is put in the left half and yellow is put in 
the right half. However it can be obtained also by 
suF)erposing the two colors, magenta and yellow, in 
the left half region. The former represents an addi- 
tion color mixing of magenta and yellow and the 
latter represents a subtraction color mixing of ma- 
gerrta and yellow. Of course an intermediate color 
mixing between them can be conceived. According 
to the method of this invention it is possible to vary 



' 1^9 - t's^t^KrarMy Sm cr^O /of 'thiteeyaddifioh^^t^ 

y-t-K! u^^^9X> TOC»ng,cQr !Um>3Ctiit^ colcH* mbcingican be 
en^ nl .sl^?t^>;^£|^e?^?P9'^cW^used30ks.^T^ man- 
-r.r n Dr^tttet>ra^fM8*lyc*i^^i^ Of th6 subtcactipn color 
Df>^ nsnfF'^ll'f^ ©ni^ ftl?^ii€ute»tiQft/color miidi^ ^y iimeans of 
ji^vfjq ^^^r^i^av^paratk«^ii1^ is;^ possible riorn inks to-t exhibit 
net .^it)etter^eir:.^l0r^?^ro»^ th6fefoffic»a wide 

. ^:>^X'ft ;SP^^0}C^>Q'' <tisplay caftbejobtainedw ;: too^^ 
? yi rA$( explEun^£d30ve; aecordtngr^riiiis' inven- 

i ^£ r 7 ^jPHv^since. tlja.tpositt jthendotv^of vQty color 
' \ ,y 1 R)1jpte<t wthiij .9 pixel COT -be shifted^ up: arid down 
or left and right, it is possible to superpose inks 
ideally, time inks are used more usefully and 
saved. Furthemnore, by unifying reasonably net 
^ points (dots) of a same color, printing becomes 
stronger against shear, and as the result this inven- 
tion has an effect that the image quality is amelio- 
rated in the reproduction of full color images. 
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Claims 

1. A scanning recording type printing method, 
in which an image Is printed by area-modulating 
the interior of each of pixels, which is the smallest 
unit region of an image, by means of ink of at least 
one color, comprising: 



11 



BNSDOCID: <EP 0204094A2_I_> 



21 



Oil CD 204 094 



22 



a step of bringing the ends of the pixel in preder- 
termined directions (x, y) and the ends of a dot 
formed by said ink recorded within said pixel in 
accordance with each other; and 

a step of bringing the front end of the pixel suc- 
ceeding said pixel in said directions (x, y) and the 
front end of a dot formed by said ink recorded 
within said succeeding pixel in accordance with 
each other. 

2- A scanning recording type printing method 
according to Claim 1. in which one of said pre- 
'det^rm Is the -main seining direc- 
tion (x). ^ „j 

. -^3-: A scaLnning*7acordlngjttype printing methcxi 
according* to' Claim 1, in which the otiier of said 
predetermined directions is the auxiliary scanning 
direction (y), which is SMbstantialty^vf^erpendicuiar ,to_ 
said main scanning direction (x). ; \^ ! "\ 

4. In a pixel recordirig^pul^' ^plgriai^^gene^ , 
method, b.y whiph deptil^ata (p/^jofea^'^ pkels 
in an imagd signaf''arY^%a^^ iHq^*S T^ 
recording pulse signal (S) : having a time v^ctth 
proportional to the depth for each of the pixels 'and 
production of recording enerigy isjcontrolleilr sb as ^ 
to. »be . intemjp^ jim€©^^JC©CQEriing>.pG^ 
signal*' is so produced thatSUfte^^ end^^e 
recording pulse signal of tiie preceding recording 
side pixel in a pair of pixels adjacent to an arbitrar- 
ily selected pixel in the!>^(iecording scanrurignggne^::,,, 
tion (x, y) is in accordance]v^ tiie rear §nd c5f s^ 
arbitrarily selected pixel andrihe'^ron^^ of ? the - 
recordlng.puJse^signal of tiie :succee Anq*Tec ording^ 
side pixeris in accordance with ttje finont end of 
said arbitrarily selected pixel. ! f | 

5. A pixel recording pulse signal gener^on 
method, by which an intenrnef(iatB;>ichrominancerl^.'' 

vprinted; by: effecting^areai^nodiiia^'on^^ b^ 
colored inks of at least one CQiqtXcl M. Y) vtritfifolku: 
pixel, which is the smallest unit region of spatially 
quantized image data, comprising at least the fol- 
lowing steps: . 

effecting an area-modulation! by arranging a first 
colored ink of i at least-on^^ccrior (d::M;.^ a^^^^^ 
position within a pertinent pix^U and \ 

effecting another area-modufation by arranging a 
second-colored ink of atheist one color {Of M.7Y):^ 
at §^sfecbnd.po$ition^witiiin^^s^ — • f^V^v - 

6. A pixel recording- pulse signal generation- 
method, according to Claim 5. wherein said first 
colored ink is arranged from one end within tiie 
pixel towards tiie center of the pixel and said 
second colored ink is arranged from another end 
within the pixel towards tiie center of the pixel. 



10 



75 



f 

05 



7. A pixel recording pulse signal generation 
method, according to Claim 4, wherein said one 
end and said another end are one end and the 
other end in the main scanning direction within the 
pixel. 

8. A pixel recording pulse signal generation 
^ metiiod acording to Claim 5, wherein said first 

( j colored ink is constituted by a multi-layer structure 
consisting of yellow ink, magenta ink and cyan ink 
and said second colored ink is constituted fc)y black 
ink. 

9. A pixel recording puise signal generation 
tmethod, according to Claim 6, wherein in an ar- 

bitrar^y select^ pixel/>^d first colored ink is 
^arranged from one end within the pixel towards the 
centre of the pixel and said second cokDred ink is 
arrangedhj^om ahother end within the pixel towards 
the centsfr of^ the : pixel, and furtiier said second 
\ colored ^ink-^hs ^arranged from said anotiier end 
""Virflfflni the^^ center of the pixel and 

sab; first coiofed ink is arranged from said one end 
; 2 wrthin tiie pixel to*anJs tiie centefe of tiie pixel. 
; 10- A scanning recording 'type printing device 
comprising: i ? ;:0 

..-^•!memory«meairts (1) /memorizinglcfepth data sig- 
nateXPA) for one scannlng'line; 

a meansj (10, 12, 13. 14, 15) including a ckx:k 
geriet^tor (ipx shell a counter (13) and producing a 
rah)parisbn tlata signal (DB) formed by repeating 
. *^""P counting ! operatior^ and a down counting 

|pJ?!iGgtiQaj^^ pixel7 which is tiie smallest unit 

region of an inriage; 

! ■ \ 

1 ' 

a means (5, 9) generating a pixel recording puise 
;: signal (S). awnparing said depth data (DA) witii 
-^^akj comparisonrdata (DB); 



40 a semiconductor laser circuit (6) producing laser 
ligjrt^ibased-on inputted pixel recorcfing signal 

'"^x (S):- -r yr^ 
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a irqean^(X-"B) recording Jan image corresponding 
to-said ^0|xe^recol^ciing pulse signal (S) on a record- 
ing medium by sweeping sakl laser light; and 

a (timing treatment means (4) controlling the opera- 
tion' .of 'said memory means (1). said comparison 
-idata production means Qlb. 12. 13. 14, 15), said 
pixel redording pulse signal production means (5, 
9) and said image recording means (7. 8). 

11. A scanning reconSng type printing device 
according to Claim 10. having a counter (11) and a 
monostable multivibrator (16); further comprising a 
means (11, 16) controlling the screen angle, by 
controlling said means (10, 12. 13, 14. 15) produc- 
ing a comparison data signal (DB). 
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® Scanning recording type printing method and apparatus for realizing the same. 



® A scanning recording type printing method, by 
wtiich a pixel recroding pulse signal (S) is produced 
by comparing a comparison data signal (DB). which 
is formed by repeating an up counting operation and 
a down counting operation for every pixel, which is 
the smallest unit region of an image, with a depth 
data signal (DA) for one scanning line and the loca- 
tion of each of net points of at least one color printed 
within a pixel is controlled by the pixel recording 
pulse signal (S) so that worsening of the image 
quality in a high precision fine image printing can be 
reduced. 
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